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OPTICAL DEFLECTOR AND OPTICAL SCANNER HAVING THE 

OPTICAL DEFLECTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to- an optical 
deflector used in a laser printer and the like, and 
an optical scanner having the optical deflector. 

2. Description of Related Art 

FIG. 17 shows a general laser printer 200. As 
shown in FIGS.. 17 and 18, an optical scanner 202 of 
box shape is disposed within the laser printer 200. 
and a light beam is emitted from a light source 204 
disposed in a side wall of the optical scanner 202. 

The light beam passes through a collimator lens 
206, is reflected by one reflection face of a 
polygon mirror 214 constituting an optical deflector 
212, and inputted to a surface of a photoconduc t ive 
material 220 used as a drum-like recording medium 
via f9 lens 216 and cylindrical mirror 218, so that a 
latent image is formed on the photoconduc tive 
material 220. 

As shown in FIG. 19, the optical deflector 212 
is secured to the optical scanner 202 and a rotating 
body 222 including the polygon mirror 214 of the 
optical deflector 212 is rotatable. On the other 
hand, a printed board 224 constructed form a metal 
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is secured to the optical scanner 202, and is 
provided with an integrated circuit 226 driving and 
controlling the rotating body 222. 

A housing 228 of the optical scanner 202 is 
sealed with a cover 202A or the like to prevent 
contamination of optical lenses such as the £6 lens 
216 (see FIG. 18) disposed in the optical scanner 
202. However, it is often made of a material having 
a low thermal conductivity such as resin because of 
its low cost and c on s t r uc t i ona 1 1 y has difficulty in 
expelling heat within the housing 228 to the outside. 

A rise in the temperature of the housing 228 
would exert a bad influence on not only the life of 
the bearing part 230 of the optical deflector 212 
and the reliability of the integrated circuit 225 
but also the optical lenses mounted in the housing 
228 . 

Particularly, for optical lenses made of resin, 
since they have a high thermal expandability, a rise 
in temperatures would exert a great influence on 
them. Thermal deformation of the bottom wall of the 
housing 228 might change relative positional 
relationships among the light source 204, the 
optical deflector 212, and optical lenses such as 
the f9 lens 216, and the pho tocon due t ive material 220 
as shown in FIG. 18 and deteriorate their optical 
properties . 
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A temperature distrit)ution within the housing 
of the optical scanner is shovn in FIG. 20. The 
temperature distribution vithin the housing shows 
that the surface temperature of the integrated 
circuit mounted on the printed board of the optical 
deflector is the highest, followed by the surface 
temperature of the rotation shaft of the optical 
deflector, and the surface temperature of optical 
lenses such as f8 lens. 

Therefore, radiating a larger amount of heat of 
the integrated circuit of the optical deflector 
leads to reducing a rise in the temperature of the 
housing. A method of radiating heat generated by an 
integrated circuit on a printed board is described 
in Patent Reference 1. According to it, as shown in 
FIG. 21A, a radiating member 236 is brought into 
contact with the face of a printed board 232 on 
whicli an integrated circuit 234 is not mounted, a 
through hole 242 is formed in a bottom wall 240A of 
a housing 240 of an optical scanner 238, and the 
radiating member 236 is projected outside the 
housing 240 through the through hole 242. whereby 
heat of the integrated circuit 234 is radiated. 

As another method, as shown in FIG. 21B, the 
radiating member 236 is mounted on an upper face of 
the integrated circuit 234 to radiate heat of the 
integrated circuit 234. According to Patent 
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Reference 2, as shown in FIG. 21C, a radiating 
member 248 made to communicate with the outside of a 
housing 24S of an optical scanner 244 is brought 
into contact with a lover face of a printed board 
250 and an upper face of an integrated circuit 252 
to radiate heat of the integrated circuit 252 and 
the housing 246. 
[Patent Reference 1] 

Japanese Published Unexamined Patent Application No. 

Hei 6-75184 

[Patent Reference 2] 

Japanese Published Unexamined Patent Application No. 
Hei 11-242177 

However, since laser printers are becoming 
higher in image quality and printing speeds are 
becoming faster, when a rotative polygon mirror is 
fast rotated to scan a laser beam on a 
photoconduc t ive material, currents consumed by a 
rotating body and integrated circuits become larger 
in proportion to the speed of the rotating body as 
shown in FIG. 22, heat generated from an optical 
deflector increases, and the temperature of the 
housing of an optical scanner also rises. 

On the other hand, a metallic printed board has 
an insulating film formed on a metallic board on 
which a wiring pattern is formed, and connects the 
wiring pattern and an integrated circuit by solder. 
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Therefore, as shown in FIG. 21A, when the radiating 
member 236 is brought into contact with the face 
(back) of the printed board 232 on which the 
integrated circuit 234 is not mounted, an insulating 
film (not shown) intervenes between the integrated " 
circuit 234 and the back of the printed board 232, 
BO that heat of the integrated circuit 234 cannot be 
directly radiated. 

In recent years, since miniaturization of an 
optical deflector has shortened the distance between 
an integrated circuit and a rotative polygon mirror, 
as shown in PIG. 21B, if the radiating member 236 is 
mounted on the upper face of the integrated circuit 
234, the wind sound of the rotative polygon mirror 
254 rotating fast becomes louder, so that the noise 
of an optical scanner 256 becomes a problem. 

Furthermore, in recent years, small and flat 
integrated circuits are mounted on the surface of a 
printed board and are not structured to have a 
radiating member mounted therein. Therefore, in 
cases where a radiating member is secured by an 
adhesive having an excellent thermal conductivity, 
the thermal resistance of the adhesive and the time 
required until the radiating member has been secured 
become a problem. 

On the other hand, although there is a method 
of using tightening members such as screws to 
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mechanically tighten and secure a radiating member 
to an integrated circuit, holea for the tightening 
menbers must be provided on a printed board, so that 
a securing method becomes complicated and the 
printed board becomes large in size. 

On the other hand, as shown in FIG. 21C, in 
cases where a radiating member 248 is made to 
communicate with the outside of the housing 246 of 
the optical scanner 244 and the radiating member 248 
is brought into contact with the upper face of the 
integrated circuit 252, a method of securing the 
radiating member 248 and the integrated circuit 252 
has the same problem. In addition, the large 
radiating member 248 is brought into contact with 
only the upper face of the integrated circuit 252 on 
the printed board 250 mounted in high density, and 
must be positioned while maintaining electrical 
insulation with other electronic parts (not shown) 
on the printed board 250, As a result, the radiating 
member 248 has a complicated positioning structure, 
which causes a rise in costs. Even if the radiating 
member 248 is flat in shape, it is inevitable that 
the wind sound of a rotative polygon mirror 258 
rotating fast increases. 

SUMMARY OP THE INVENTION 
The present invention has been made in view of 
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the above facts and provides an optical deflector 
capable of reducing a rise in the heat o£ Integrated 
circuits and a housing without increasing noises 
caused by the wind sound of a rotative polygon 
mirror, and an optical scanner having the optical 
deflector. 

According to an aspect of the present invention, 
an optical deflector includes: a motor that drives a 
rotative polygon mirror deflecting and scanning rays 
emitted from a light source; a drive circuit board, 
mounted in a housing, on which an electronic part 
such as an integrated circuit controlling the motor 
is mounted; a first through hole on a lower face of 
the electronic part, formed on the drive circuit 
board; and a radiating member that, through the 
first through hole, directly contacts the electronic 
part or indirectly contacts the electronic part 
through an intervening conductive member. 

According to the above aspect, in the drive 
circuit board, a first through hole is formed on the 
lower face of the electronic part. Through the first 
through hole, the radiating member is brought into 
direct contact with the electronic part or into 
indirect contact with the electronic part through an 
intervening conductive member. 

By thus forming the first through hole on the 
lower face of the electronic part, heat of the lower 
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face of the electronic part can be expelled. By 
bringing the radiating member into contact with the 
electronic part through the first through hole, heat 
of the electronic part can be conducted to the 
radiating member through which the heat of the 
electronic part can be radiated. 

Furthermore, since the radiating member is 
brought into contact vith the electronic part 
through the first through hole formed on the lover 
face of the integrated circuit, the radiating member 
is not exposed to an upper portion of the drive 
circuit board, that is, a side in which a rotative 
polygon mirror is disposed. Therefore, bringing the 
radiating member into contact with the electronic 
part does not result in increased wind sound 
generated during the rotation of the rotative 
polygon mirror. 

According to another aspect of the present 
invention, the drive circuit board is constructed 
from a metal, the rotative polygon mirror is on an 
upper face of the drive circuit board, and the 
electronic part is mounted on a lower face of the 
drive circuit board. 

According to the above aspect, in the drive 
circuit board, the electronic part is mounted on a 
Bide opposite to the side in which the rotative 
polygon mirror is disposed. With this construction. 
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the periphery of the motor becomes flattened on the 
side of the rotative polygon mirror of the drive 
circuit board, so that wind sound generated when 
wind generated by the rotation of the rotative 
polygon mirror hits the electronic part is weakened. 

According to another aspect of the present 
invention, the rotative polygon mirror is on the 
upper face of the drive circuit board, and on the 
lower face of the drive circuit board, a first 
wiring pattern is formed and the electronic part is 
mounted; on the upper face of the drive circuit 
board, a second wiring pattern electrically 
connected with drive coils constituting the motor is 
formed and a position detector for detecting 
positions of drive magnets disposed to face the 
drive coils is disposed; and the first wiring 
pattern and the second wiring pattern are 
electrically connected by a connection hole formed 
on the drive circuit board. 

According to the above aspect, the first wiring 
pattern is formed to mount the electronic part on 
the lower face of the drive circuit board that is on 
the opposite side of the rotative polygon mirror, 
and the second wiring pattern is formed to dispose 
the position detector on the upper face of the drive 
circuit board . 

The drive circuit board is a so-called double- 
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sided board between the upper and lover faces of 
vhich an insulating member is sandwiched. 
Accordingly, the connection hole is provided in the 
drive circuit board to electrically connect the 
first wiring pattern and the second wiring pattern. 

According to another aspect of the present 
invention, on the lower face of the drive circuit 
board that is on the opposite side of the rotative 
polygon mirror, a first wiring pattern is formed and 
the electronic part is mounted; on the upper face of 
the drive circuit board, a second wiring pattern 
electrically connected with drive coils constituting 
the motor is formed and a subboard on which a 
position detector for detecting positions of drive 
magnets disposed to face the drive coils is disposed 
is secured; and the first wiring pattern and the 
second wiring pattern are electrically connected by 
a connection hole formed on the drive circuit board. 

According to the present invention, on the 
lower face of the drive circuit board that is on the 
opposite side of the rotative polygon mirror, the 
first wiring pattern is formed and the electronic 
part is mounted. On the subboard, the second wiring 
pattern is formed and the position detector is 
disposed, and the subboard is secured to the upper 
face of the drive circuit board. The connection hole 
is formed on the drive circuit board, and the first 
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wiring pattern and the second wiring pattern are 
electrically connected by the connection hole. 

According to another aspect of the present 
invention, the optical de£lector is provided. 

According to the above aspect, by bringing the 
radiating member into contact with the electronic 
part through the first through hole, heat of the 
electronic part can be conducted to the radiating 
member through which the heat of the electronic part 
can be radiated. By forming the first through hole 
on the lower face of the integrated circuit as the 
electronic part and bringing the radiating member 
into contact with the integrated circuit through the 
first through hole, a rise in the temperature of the 
housing can be reduced. As a result, the life of a 
bearing constituting the motor can be prolonged and 
the reliability of the integrated circuit can be 
increased. 

Since the radiating member is brought into 
direct contact with the integrated circuit, the 
radiation efficiency of the integrated circuit is 
excellent. Furthermore, by bringing the radiating 
member into contact with the drive circuit board, 
the first through hole is blocked by the radiating 
member and the optical scanner ia kept sealed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Preferred embodiment of the present invention 
will be described in detail based on the followings, 
wherein : 

FIG. 1 is a sectional view showing an optical 
scanner according to a first embodiment of the 
present invention ; 

FIG. 2 is a block diagram showing a control 
circuit of an optical deflector of the optical 
scanner according to the first embodiment of the 
present invention; 

PIG. 3 is an exploded perspective view showing 
a method of securing a radiating member provided in 
the optical scanner according to the first 
embodiment of the present invention? 

FIG. 4 is an exploded perspective view showing 
another method of securing the radiating member 
provided in the optical scanner according to the 
first embodiment of the present invention; 

FIG. 5 is a sectional view showing an optical 
scanner according to a second embodiment of the 
present invention; 

FIG. S is a sectional view showing an optical 
scanner according to a third embodiment of the 
present invention; 

FIG. 7 is an exploded perspective view showing 
a method of securing a radiating member provided in 
the optical scanner according to the third 
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embodiment of the present invention; 

FIG. 8 is an exploded perspective view showing 
another method of securing the radiating member 
provided in the optical scanner according to the 
third embodiment of the present invention; 

FIG. 9 is an exploded perspective view showing 
another method of securing the radiating member 
provided in the optical scanner according to the 
third embodiment of the present invention; 

FIG. 10 is an exploded perspective view showing 
another method of securing the radiating member 
provided in the optical scanner according to the 
third embodiment of- the present invention; 

FIG. 11 is a sectional view showing an optical 
scanner according to a fourth embodiment of the 
presentinvention; 

FIG. 12 is an exploded perspective view showing 
the optical scanner according to the fourth 
embodiment of the present invention, and a printed 
board constituting a bottom wall of the optical 
scanner; 

FIG. 13 is a back view showing the printed 
board constituting the bottom wall of the optical 
scanner according to the fourth embodiment of the 
present invention; 

PIGS. 14 are partial enlarged, views of the 
printed board of the optical scanner according to 
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tie fourth e.bodinent of the pre.ent UveatioEi FIG 
UK 18 a sectional view showing connection of a 
signal line, and PIG. 14B is a sectional view 
showing connection of a Hall device; 

FIO. 15 is a sectional view showing another 
exa»ple of the optical scanner according to the 
fourth e.bodinent of the present invention; 

FIG. IS is a sectional view showing another 
example of the optical scanner according to the 
fourth embodiaent of the present invention; 

FIG. 17 is a perspective view of a general 
laser printer equipped with an optical scanner; 
. FIG. Ifl illustrates an optical scanner; 
FIG. 19 is a sectional view showing a 
conventional optical scanner; 

FIG. 20 is a graph showing a rise in 
temperatures within a housing; 

FIOS. 21X to iic are sectional views showing 
conventional optical scanners; and 

FIG. 22 is a graph showing a relationship 
between rotation speeds and current consumptions. 

DESCRIPTIOH OF THB PREFERRED BMBODIBBNTS 
Bereinafter, an optical scanner of a first 

embodiBent of the present Invention is described. 
FIG. 1 is a sectional view of an optical 

scanner 10, which is formed in box shape and 
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substantially sealed with its opening covered with a 
cover 12. Seats lOA are projectlngly mounted in the 
corners of a bottom wall 11a of a housing 11 of the 
optical scanner 10, and a metallic printed board 18 
is secured by mounting screws 16. 

A substantially cylindrical bearing 22 with a 
bottom constituting an optical deflector 20 
penetrates through the printed board 18, and a 
rotation shaft 24 is fitted in the bearing 22 and 
rotatably supported. 

A substantially tube-like rotation sleeve 26 is 
secured in an upper portion of the rotation shaft 24 
and is rotatable integrally with the rotation shaft 
24. In an upper portion of the rotation sleeve 26 is 
provided a small - diameter portion 26A, around which 
a polygon mirror 28 configured with plural mirrors 
28A is fitted and secured to the rotation sleeve 26 
by a ring-shaped securing member 30. 

A lower portion of the rotation sleeve 26 is 
open, and drive magnets 34 are secured to inner wall 
faces of the rotation sleeve 26, wherein the drive 
magnets 34 are ring-shaped magnets that constitute a 
motor 32 and are magnetized with N and S poles to 
have different polarities from each other. 

on the other hand, drive coils 36 are secured 
to the outer peripheral face of the bearing 22 in 
positions where they face the drive magnets 34, 
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wherein the drive coils 36 have plural coils (not 
shown) and constitute the motor 32. The drive coils 
36 are connected with a wiring pattern (not shown) 
formed on the printed board 18 through a signal line 
37, and an exciting current flows to the drive coils 
36 on the basis of a signal from a Hall device 46 
(described later) serving as a position detector. 

When an exciting current flows through the 
drive coil 36, a rotating body 38 (drive magnets 34, 
rotation sleeve 26, polygon mirror, and securing 
member 30) is rotated by induction magnetic forces 
with the drive magnets 34, 

The printed board 18 has an insulating film and 
a wiring pattern formed on a metallic plate, and on 
the upper face (the wiring pattern side) of the 
printed board 18 are disposed an integrated circuit 
44 of chip type in which a control circuit and a 
drive circuit integrally control excitation 
switching of the drive coils 36, and the Hall device 
46 detecting the position of the rotating body 38. 

As shown in FIG. 2, speed information of the 
rotating body 38, obtained from a signal of the Hall 
device 46, is fed back to a cons tan t • speed control 
circuit 41 (PLL control) constituting the integrated 
circuit 44, the speed information and a reference 
signal 43 corresponding to a desired rotation speed 
are compared, and an exciting current malcing up for 
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an error between then is fed to the drive circuit 45, 
whereby the rotating body 3B is rotated at a 
constant speed. 

on the other hand, as shown in PIG. Ir an 
external connection part 42 is disposed on the upper 
face of the printed circuit 18. The external 
connection part 42 is connected with a relay part 49 
disposed through a side wall of the housing 11 via a 
relay cable 40. and control signals 47 (see PIG. 2) 
for activating and stopping a power source disposed 
outside the optical scanner 10 and the rotating body 
38 are transmitted to the external connection part 
42 . 

The following gives a sunmary of the optical 
scanner of the first embodiment of the present 
invention. 

K8 Shown in FIG. 1, a through hole 48 smaller 
than the area of the integrated circuit 44 is 
provided in a lower position of the integrated 
circuit 44 of the printed board 18. A radiating 
member 50 larger than the area of the integrated 
circuit 44 is disposed so as to be contactable with 
a lower face of the printed board 18 in a lower 
position of the integrated circuit 44. 

The radiating member 50 is constructed from 
materials having excellent thermal conductivity such 
as aluminum, copper, and. phosphorus bronze. As shown 
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in PIG. 3, a raised portion 50A provided with spring 
properties by cutting and raising a part of the 
radiating mestber 50 is projected from the upper face 
of the radiating member 50. 

With this construction, as shown in PIG. 1, 
when the radiating member 50 is brought into contact 
with the back of the printed board 18, the raised 
portion 50A can be brought into direct contact with 
the integrated circuit 44 through the through hole 
48 . 

Between the radiating member 50 and a bottom 
wall llA of the housing 11 of the optical scanner 10, 
as shown in FIG. 3. an elastic member 54 having 
substantially the same area as the radiating member 
50 is disposed. The elastic member 54 is constructed 
from an expandable resin, silicon rubber, and the 
like, and is elastically deformable. 

The elastic member 54 is thicker than a 
clearance produced between the radiating member 50 
and the bottom wall llA of the housing 11. As shown 
in PIG. 1. with the elastic member 54 and the 
radiating member SO disposed on the bottom wall llA 
of the housing 11, if the printed board 18 is 
secured to the seats lOA by mounting screws 16, the 
elastic nember 54 is compressed and the radiating 
member 50 is pressed toward the printed board 18 by 
the elastic member 54. 
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Afl a result, the radiating member 50 contacts 
the lower face of the printed board 18 without fail, 
and the raised portion 50A of the radiating member 
50 contacts the integrated circuit 44 without fail. 

The following describes the operation of the 
optical scanner of the first embodiment of the 
present invention. 

AS shown in FIG. 1. although the optical 
scanner 10 is sealed with the housing 11 of box 
shape covered with the cover 12, heat in the lower 
face of the integrated circuit 44 of the printed 
board 18 can be allowed to escape by prbvidlng the 
through hole 48 in a lower position of the 
integrated circuit 44. 

By bringing the radiating member 50 into direct 
contact with the integrated circuit 44 through the 
through hole 48, heat of the integrated circuit 44 
can be conducted to the radiating member 50 and 
radiated . 

AS shown in FIG. 20, since surface temperature 
of the integrated circuit becomes highest within the 
housing of the optical scanner, a rise in the 
temperature of the housing can be reduced by 
increasing the heat radiation capability of the 
integrated circuit. 

Therefore, as shown in PIG. 1, by forming the 
through hole 48 in the lower face of the integrated 
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circuit 44 and bringing the radiating -ember 50 into 
contact with the integrated circuit 44 through the 
through hole 4B. a rise in the te.perature of the 
housing 11 can be reduced. *s a result, the life of 
the bearing 22 can be prolonged and the reliability 
of the integrated circuit 44 can be increased. 
Horeover. the direct contact of the radiating -e-ber 
50 with the integrated circuit 44 provide, excellent 
beat radiation efficiency for the integrated circuit 



44 . 



Since the radiating -enber 50 is brought into 
contact with the integrated . circuit 44 through the 
through hole 48 for.ed in a lover position of the 
integrated circuit 44, the radiating ».«ber 50 is 
aot exposed to the upper side of the printed board 
18. that is. the side .here the polygon mirror 28 is 
disposed. Therefore, bringing the radiating member 
50 into contact with integrated circuit 44 causes no 
increase in wind sound generated during rotation of. 
the polygon mirror 28. 

on the other hand, by constructing the printed 
board 18 fro. metals and bringing the radiating 
member 50 into contact with the lower face of the 
printed board 18, heat generated by the motor 32 can 
be conducted to the radiating member 50 through the 
printed board IB for heat radiation. 

AS the raised portion 50A. a conduction member 
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different from the radiating member 50 may be used; 
it may be constructed from, e.g., phosphorus bronze 
that has excellent thermal conductivity and spring 
properties. 

In place of the elastic member 54 used in this 
embodiment, any member may be used which never fails 
to bring the radiating member 50 into contact with 
the lover face of the printed board 18. For example, 
as shown in PIG. 4, screws 56 may be screwed to the 
lower face of the bottom wall llA of the housing 11 
of the optical scanner 10 so that the radiating 
member 50 is secured to the bottom wall llA of the 
housing 11, with the radiating member 50 pressed 
against the printed board 18 (see FIG. 1) by the 
screws 5 6. 

In this embodiment, as shown in PIG. 1, the 
through hole 48 is formed in the lower face of the 
integrated circuit 44. However, the present 
invention is not limited to the integrated circuit 
44; also for other electronic parts on the printed 
board 18 that generate heat, a through hole may be 
provided on the lower faces of the electronic parts 
to bring the electronic parts into contact with the 
radiating member. 

The following gives a summary of the optical 
scanner of a second embodiment of the present 
invention. Almost the same contents as the first 
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embodiment will be omitted from the following 
discussion. 

An optical scanner 60 shown in FIG. 5 has a 
housing 62 constructed form a metal such as aluminum, 
sheet metal, magnesium^ wherein a bottom wall 62A of 
the housing 62 serves as a radiating member. 
Specifically, with the printed board 18 secured to 
the housing 62, a substantially rectangular seat 64 
is projectingly mounted in a bottom wall 62A of the 
housing 62 in a lower position of the integrated 
circuit 44 mounted on the printed board 18. 

A clearance is provided between the upper face 
of the seat 64 and the printed board 18, and a 
silicon rubber 66 having a high thermal conductivity 
is embedded in the clearance. The silicon rubber 66 
is of rectangular shape and has a touching part 66A 
projected in its center, wherein the touching part 
66A allows passage of. the through hole 48. 

The silicon rubber 66 is thicker than the 
clearance and the height of the touching part 66A is 
slightly greater than the thicJcness of the printed 
board 18, Since the silicon rubber 66 is elastically 
deformable. if the printed board IB is secured to 
the housing 62 in a state in which the silicon 
rubber 66 is secured to the upper face of the seat 
64 of the housing 62, the silicon rubber 66 is 
compressed, ensuring contact among the printed board 
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18« the integrated circuit 44, and the housing 62 
through the silicon rubber 66. 

On the other hand, a clearance 69 is provided 
between a mount 68 provided in a laser printer and 
the back of the optical scanner 60, and the mount 68 
is provided with a fan 70. This allows lower air of 
the optical scanner 60 to flow in one direction. 

The following describes the operation of the 
optical scanner of the second embodiment of the 
present invention. 

As shown in FIG. 5, by making the housing 62 
itself of the optical scanner 60 a radiating member, 
heat generated by the integrated circuit 44 is 
radiated to the outside through the silicon rubber 
66 and the seat 64. 

Heat within the housing 62 generated by the 
motor 32 can be radiated through the printed board 
18, the silicon rubber 66, and the seat 64. 
Therefore, without using a special radiating member, 
a rise in the temperature in the integrated circuit 
44 and the housing 62 can be reduced. 

Furthermore, by providing the clearance 69 
between the mount 68 provided in the laser printer 
and the back of the optical scanner 60, and 
providing the mount 68 with a cooling unit such as 
the fan 70, air outside the housing 69 is allowed to 
flow to the clearance 69 and the bottom wall 62A of 
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the housing 62 is cooled/ and heat radiated by the 
housing 62 is allowed to flow in, a direction that 
moves away from the optical scanner 60 through the 
clearance 69. As a result, the temperature in the 
integrated circuit 44 and the housing 62 can be 
further reduced. 

Although, in this embodiment, the silicon 
rubber 66 is provided between the printed board 18 
and the housing 62, a spring member constructed from 
phosphorus bronze having spring properties may be 
used in place of the silicon rubber 66. 

The following gives a summary of the optical 
scanner of the third embodiment of the present 
invention. Almost the same contents as the first 
embodiment will be omitted from the following 
discussion. 

AS shown in PIG. 6, in a bottom wall 74A of a 
housing 74 of an optical scanner 72, a mounting part 
76 of substantially rectangular shape is 
projectingly mounted in a position corresponding to 
the integrated circuit 44 mounted on the printed 
board 18 secured to the housing 74. A through hole 
78 is provided in a central portion of the mounting 
part 76 that corresponds to the through hole 48 
provided in a lower position of the integrated 
circuit 44, and the through hole 48 and the through 
hole 78 are made to communicate with each other. 
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As shovQ in FIGS. 6 and 7, in the outer edge o£ 
the mounting part 76, an outer wall 76A is erected 
at a predetermined distance from the through hole 78 
so that it is slightly lover than the height of a 
seat 72A projectingly mounted in a corner of the 
bottom wall 74A of the housing 74. 

On the other hand, a radiating member 80 has a 
rectangular flange BOA in an upper portion thereof 
whose size allows touch with the outer edge of the 
through hole 78, Prom the lower face of the flange 
BOA. with clearances from the outer edge of the 
flange 80A. three ribs BOB are downward projected in 
a direction of the width of the flange 80A and 
elongated in a longitudinal direction. The three 
ribs SOB can be inserted in the through hole 78. 

By the way, in the outer edge of the through 
hole 78 is disposed a rectangular elastic member 82 
constructed from a silicon rubber or the like. The 
elastic member 82 is provided with raised portions 
82A in a direction of the width of the elastic 
member 82, with their tips overhanging from the 
upper face of the elastic member 82. 

The radiating member 80 is disposed on the 
upper face of the elastic member 82. An elastic 
member 84 is secured on the upper face of the 
radiating member 80, wherein the elastic member 84 
has such a size as to allow passage of the through 
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hole 48 and is thicker than the printed board 18. 

The elastic member 82 is designed so that, with 
the printed board IB secured to the seats 72A, the 
height of the radiating member 80 disposed on the 
elastic member 82 is higher than a clearance between 
the printed board 18 and the upper face of the 
mounting part 76. 

On the other hand, outside the elastic member 
82 is disposed a rectangular seal member 86 
constructed from an expandable resin, silicon rubberi 
and the like, wherein the seal member 86 has an 
external dimension substantially equal to the 
internal dimension of the outer wall 76A. 

The following describes the operation of the 
optical scanner of the third embodiment of the 
present invention. 

As shown in FIG. 6, the mounting part 76 is 
projectingly mounted in the bottom wall 74A of the 
housing 74 and provided with the through hole 78 
corresponding to the through hole 46. By inserting 
the ribs SOB of the radiating member 80 in the 
through hole 78, the ribs 80B are exposed to outside 
the housing 7 4 . 

With this construction, heat generated from the 
integrated circuit 44 and the motor 32 can be 
radiated to outside the housing 74 through the 
radiating member 80. Therefore, a rise in the 
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temperature in the Integrated circuit 44 and the 
houaixig 74 can be reduced. 

Vith the printed board 18 secured to the seats 
72A, the height of the radiating member 80 disposed 
on the elastic member 82 is higher than a clearance 
between the printed board 18 and the upper face of 
the mounting part 76, and the elastic member 84 is 
formed so as to be thicker than the printed board 18. 

With this construction, when the printed board 
18 is secured to the seats 72A, the elastic member 
82 is compressed and the radiating member 80 is 
pressed against the printed board 18, never failing 
to bring the radiating member 80 into contact with 
the lower face of the printed board 18 and never 
failing to bring the integrated circuit 44 into 
contact with the radiating member 80 through the 
elastic member 84. . 

By covering the outside of the elastic member 
82 with the seal member 86, noises of the optical 
deflector 20 can be reduced and the invasion of 
dusts into the housing 74 can be prevented. 

The present invention is not limited to the 
above - described embodiment so long as the through 
hol6 78 corresponding to the through hole 48 
provided in the printed board 18 is provided in the 
bottom wall 74A of the housing 74 and the radiating 
member 80 can be exposed to outside the housing 74 
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through the through hole 78. 

For example, the following alternative may be 
provided, as shown in FIG. 8, for the through hole 
78 provided in the mounting part 76 projectingly 
mounted in the bottom vail 74A of the housing 74; a 
pair of long holes 92 are formed, a radiating member 
94 is bent in the shape of U, and legs 94A thereof 
are passed through the long holes 92 so as to be 
exposed to outside the housing 74 (see FIG. 6). 

The following alternative may be provided, as 
shown in FIG. 7, for the elastic member 84 secured 
to the upper face of the radiating member 80; as 
shown in FIG. 8, a raised portion 94B is projected 
from the upper face of the radiating member 94 and 
touched with the integrated circuit 44 (see FIG. 6) 
through the through hole 48 (see FIG. 6). 

Between the radiating member 94 and the 
mounting part 90 is disposed a rectangular seal 
member 96 constructed from an expandable resin, 
silicon rubber, and the like, wherein the seal 
member 96 is larger than the area of the upper face 
of the radiating member 94. 

The seal member 96 is provided with passage 
parts 96.A corresponding to the mounting part 90, 
wherein, since the passage parts 96A place an 
emphasis on the sealing of the long holes 92. they 
are narrower in width than the legs 94A of the 
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radiating nember 94, and are forcibly widened when 
the legs 94A are passed. 

A flat elastic member 98 is disposed in an 
opening of the seal member 96. Projected portions 
98A are provided on the upper face of the elastic 
member 98 and projected therefrom to bring the 
radiating member 94 into contact with the mounting 
part 90 through the elastic member 98 without fail. 

In this embodiment, the elastic member 98 is 
disposed in the mounting part 90, the seal member 96 
is disposed on the periphery of the elastic member 
96« and the radiating member 94 is disposed on the 
upper faces of the elastic member 98 and the seal 
member 96. However, if the radiating member 94 can 
be brought into contact with the lower face of the 
printed board 18, noises in the optical deflector 20 
can be reduced, and the invasion of dusts into the 
housing 74 can be prevented, the elastic member 98 
and the seal member 96 may not necessarily be 
disposed between the radiating member 94 and the 
mounting part 90 . 

For example, as shown in FIO. 9, only an 
elastic member 100 may be disposed between the 
radiating member 94 and the mounting part 90. In 
this case, the elastic member 100 is provided with 
passage holes lOOA through which the legs 94A of the 
radiating member 94 can be passed. With the elastic 
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member 100 disposed in the mounting part 90, the 
legs 94A of the radiating member 94 are passed 
through the passage holes lOOA and long holes SOK to 
bring the radiating member 94 into contact with the 
mounting part 90 through the elastic member 100. 

As shown in FIG. 10. only the seal member 96 
may be disposed between the radiating member 94 and 
the mounting part 90. The radiating member 94 may be 
positioned in a vertical direction by mounting 
screws 10 4. 

The following gives a summary of an optical 
scanner of a fourth embodiment of the present 
invention. Almost the same contents as the first 
embodiment will be omitted from the following 
discussion . 

As shown in FIGS. 11 and 12, the bottom wall of 
a housing 108 of an optical scanner 106 is 
configured with a printed board 110. A mounting 
plate 112 is provided in parallel with a cover 106A 
of the housing lOB in a lover position of the 
housing 108, and the printed board 110 is secured to 
the mounting plate 112. The mounting plate 112 is 
provided with an passage hole 112A whose size allows 
the passage of the rotating body 38, and from the 
lower face of the mounting plate 112, plural bosses 
X16 to which mounting screws 114 can be screwed are 
downward projected on the periphery of the passage 
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hole 112A. 

The printed board 110 is provided with holes 
118 corresponding to the bosses 116 to allow the 
passage of the mounting screws 114. The rotating 
body 38 is installed in the printed board 110 and 
passed through the passage hole 112A. 

As shown in FIGS. 12 and 13, a hole 119 and a 
long hole 122 are provided in ends distant from an 
optical deflector 120 of the printed board 110, and 
the mounting plate 112 are provided with pins 115 
and 117 corresponding to the hole 119 and the long 
hole 122. 

When the rotating body 38 is passed through the 
through hole 112A and the printed board 110 is 
secured to the mounting plate 112, the printed board 
110 is positioned by the optical deflector 120, and 
the pins 115 and 117. In this case, positional 
mismatch between the mounting plate 112 and the 
printed board 110 in a horizontal direction is 
accommodated by the long hole 122 and the pin 115. 

The printed board 110 is brought into contact 
with the boss 116. of the mounting plate 112 and 
secured to the mounting plate 112 by the mounting 
screws 114, whereby the optical deflector 120 is 
positioned in a height direction with respect to the 
optical scanner 106. 

By. the way, as shown in FIG. 11, the metallic 
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printed board 110 is secured so that a wiring 
pattern part llOA is an the opposite side of the 
rotating body. 38. In other vords« since the rotating 
body 38 is disposed in an upper position of the 
printed board 110, the wiring pattern part llOA is 
disposed on the lower face of the printed board 110. 
With this construction, the integrated circuit 44 
and other electronic parts are mounted on the lower 
face of the printed board 110. 

Since an exciting current flow through the 
drive coils 36 through the wiring pattern part llOA 
formed on the printed board 110. the drive coils 36 
and the wiring pattern part llOA must be connected 
by a signal line 124. 

Therefore, as shown in FIGS. 11 and 14A, a 
circular connection hole 111 is formed in the 
printed board 110, and the wiring pattern part llOA 
formed on the lower face of the printed board 110 
and the driving coils 36 on the upper face of the 
printed board 110 are connected by the signal line. 
124. An insulating member 126 is fixed to the 
circumferential edge of the connection hole 111 to 
maintain an insulation state between the connection 
hole 111 and the signal line 124. 

Since an exciting current based on a signal 
from the Hall device 46 detecting the position of 
the rotating body 38 passes through the driving 
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coils 36, like the driving coils 36, the Hall device 
46 must also be connected vith the wiring pattern 
part llOA of the printed board 110. 

Therefore, as shown in FIQ. 14B/ a hole is 
formed in the printed board 110, and the Hall device 
46 is formed within the hole 128. The Hall device 46 
and the wiring pattern part llQk are connected by 
solder 130. The Hall device 46 is fitted in the hole 
128, which has almost the same size as the Hall 
device 4 6. 

The following describes the operation of the 
optical scanner of the fourth embodiment of the 
present invention. 

As shown in FIG. 11, in the printed board 110, 
the integrated circuit 44 and other electronic parts 
are mounted on a side opposite to the side in which 
the polygon mirror 2B is disposed. With this 
construction, the periphery of the motor 32 becomes 
flattened on the side of the polygon mirror 28 of 
the printed board 110, so that wind sound generated 
when wind generated by the rotation of the polygon 
mirror 28 hits the integrated circuit 44 and other 
electronic parts is weakened. 

By mounting the integrated circuit 44 and other 
electronic parts outside the housing 108 of the 
optical scanner 106, heating sources of the optical 
deflector 120 are disposed outside the housing 108 
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0. t.e optical scanner 1.6. Aa a result, a rise ia 
Ue temperature of the housing 1.8 of the optical 
ecaaner 1.6 is reduced, and the integrated circuit 
U and other electronic parts can he directly cooled 
from outside the optical scanner 106. 

By for-ing the hole 128 U the printed board 
1,0 and disposing the Hall device *6 within the hole 
,,S. the drive nagnets 34 can be brought clceer to 
the printed board 110 than when the Hall device « 
ia disposed on the printed board HO. That is. the 
.eight of the optical deflector 120 can be reduced, 
and the optical deflector 120 and the optical 
scanner 106 can be made eoapact. 

The hole 128 Is formed so as to be 
.ubstantial.ly egual in size to the Hall device 46 
and the Hall device 46 is fitted in the hole 128. 
.hereby the accuracy of the disposition position of 
the Hall device 46 can be increased. 

Since the -iring pattern part HOA of the 
printed board 110 is outside the housing 108, cable. 
132 for . power source and control signals can be 
directly connected to the external connection part 
42 »ounted on the .iring pattern part HOA. This 
eliminates the need for the relay cable 40 (see FIG, 
1, for relaying from outside to inside the optical 
scanner 106 and the relay part 49 (see FXO. 1). 

The present invention is not limited to the 
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e.bodi«ent .0 long as the integrated circuit 44 is 
counted outside the housing 108 of the optical 
scanner 106. For exa.pl-. as shown U FIG. 15. a 
printed board 136 facing the drive magnet. 34 and 
the drive colls 36 may be fixed to the upper face of 
a printed board 134, wherein the printed board 136 
i, smaller in area than a .etallic printed board 134 
and constructed fro. glass epoxy resin and paper 
phenol resin, or the like. 

in this case, the printed board 134 is provided 
with a connection hole 138, and a wiring pattern of 
the printed board 134 and a wiring pattern of the 
printed board 136 are connected by an FFC (flexible 
flat cable) 140 through the connection hole 138. 

The printed board 136 is provided with the Hall 
devices 46 in positions where they face the drive 
magnets 34, and the drive coils 36 and the wiring 
pattern of the printed board 136 are connected by a 

signal line 142. 

A8 shown in PIG. 16, the following construction 
may also be used; that is/a metallic printed board 
144 is provided with a hole 146, a printed board 148 
on which the Hall device 46 can be mounted bridges 
the hole 146, the Hall device 46 is mounted on the 
printed board 148, and a wiring pattern of the 
printed board 148 and a wiring pattern of the 
printed board 144 are connected by an PFC 152. The 
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printed board 144 ie provided with a connection hole 
154 to connect the drive coils 36 and a wiring 
pattern by a signal line 156. 

Although the height of the optical deflector 
120 can be reduced by thus disposing the Hall device 
46 within the hole 146, there arises the problem of 
a tilt of the Hall device 46 in a height direction 
of the optical deflector 120 and the like. 
Accordingly, if the Hall device 46 is disposed in 
the printed board 144. there is no possibility that 
it is disposed on the tilt in the height direction 
of the optical deflector 120. 

Since the present invention has the above- 
described construction, according to an aspect of 
the present invention, by forming the first through 
hole in the lower face of the electronic part, heat 
of the lower face of the electronic part can be 
expelled. By bringing the radiating member into 
contact with the electronic part through the first 
through hole, heat of the electronic part can be 
conducted to the radiating member through which the 
heat of the electronic part can be radiated. 
Furthermore, since the radiating member is brought 
into contact with the electronic part through the 
first through hole formed on the lower face of the 
integrated circuit, the radiating member is not 
exposed to an upper portion of a drive circuit board. 
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that is, a side in which a rotative polygon mirror 
is disposed. Therefore, bringing the radiating 
member into contact with the electronic part does 
not result in increased wind sound generated during 
the rotation of the rotative polygon mirror. 

According to another aspect of the present 
invention, heat generated by a motor can be 
conducted to the radiating member through the drive 
circuit board through which the heat can be radiated. 
According to another aspect of the present invention, 
the periphery of the motor becomes flattened on the 
side of the rotative polygon mirror of the drive 
circuit board, so that wind sound generated when 
wind generated by the rotation of the polygon mirror 
28 hits electronic parts is weakened. 

According to another aspect of the present 
invention, a connection hole is formed in the drive 
circuit board, and drive coils and a wiring pattern 
are electrically connected through the connection 
hole. According to another aspect of the present 
invention, the height of an optical deflector can be 
reduced, so that the optical deflector can be made 
more compact. 

According to another aspect of the present 
invention, by providing the drive circuit board with 
a connection hole, a first wiring pattern and a 
second wiring pattern can be electrically connected. 
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»ccordUg to another asp.ct of the pre.ent invention, 
by bridging a hole by . eubboard and dlspoeing a 
position detector on the eubboard. there is no 
possibility that the position detector is disposed 
on the tilt in the height direction of the optical 
Bcanaer. 

According to another aspect of the present 
invention, by bringing the radiating -ember into 
contact «ith the electronic part through the first 
through hole, heat of the electronic part can be 
conducted to the radiating member through which the 
heat, of the electronic part can be radiated. By 
for-ing the first through hole on the lo.er face of 
the integrated circuit as the electronic part and 
bringing the radiating iDember into contact with the 
Integrated circuit through the first through hole, a 
rise in the temperature of the housing can be 
reduced. As a result, the life of a bearing 
constituting the motor can be prolonged and the 
reliability of the integrated circuit can be 
increased. Since the radiating member is brought., 
into direct contact with the integrated circuit, the 
radiation efficiency of the integrated circuit is 
excellent . 

According to another aspect of the present 
invention, since the housing of the optical scanner 
is constructed so as to serve as a radiating member. 
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heat generated by the electronic part is radiated to 
the outside through the housing. Since heat of the 
housing generated by the motor can be radiated 
through the housing via the drive circuit board,, a 
rise in the temperature of the electronic part and 
the housing can be reduced without using a special 
radiating member. Furthermore, by providing a 
cooling unit outside the optical scanner, the 
temperature in the integrated circuit and inside of 
the housing can be further reduced. 

According to another aspect of the present 
invention, by exposing the radiating member outside 
the housing of the optical scanner, heat generated 
from the electronic part and the motor can be 
radiated outside the housing of the optical scanner 
through the radiating member, so that a rise in the 
temperature of the optical scanner can be reduced. 
By thus reducing a rise in the temperature of the 
housing of the optical scanner, the reliability of 
the bearing and the drive circuit can be increased. 

According to another aspect of the present 
invention, by mounting the electronic part outside 
the housing of the optical scanner, a heating source 
of the optical deflector is disposed outside the 
housing of the optical scanner, so that a rise in 
the temperature of the housing of the optical 
scanner is reduced and the electronic part can be 
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cooled directly from outside the optical scanner. By 
disposing a connection part for connecting cables 
for a power source and control signals outside the 
housing, the cables can be directly connected, so 
that a relay cable for relaying from inside to 
outside the optical scanner is not required. 

The entire disclosure of Japanese Patent 
Application so; 2003-075803 filed on March 19. 2003 
including specification, claims, drawings and 
abstract is incorporated herein by reference in its 
entirety. 
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